Membrane-bound Glucose regulated protein 78 interacts with alpha-2-macroglobulin to promote actin reorganization in sperm during epididymal maturation.
Glucose regulated protein 78 (GRP78) is expressed on cell surface in exceptional conditions as seen in cancer cells and macrophages. We have reported its membrane localization in sperm. The functional significance of its surface localization in sperm is an enigma. Alpha-2-macroglobulin (α2M) reportedly binds surface GRP78, regulating macrophage motility. Additionally, seminal plasma α2M levels are low in cases of asthenozoospermia. We investigated the functional relevance of sperm surface GRP78 and α2M crosstalk using testicular sperm (Tsp; immature) and caudal sperm (Cdsp; mature) from adult Holtzman rats. α2M colocalized and interacted with GRP78 and was significantly higher in Cdsp. Cofilin pathway proteins were detected in Tsp and Cdsp, however the pathway was highly active in Cdsp. Tsp surface GRP78 tyrosine phosphorylation and [Ca2+]i levels increased significantly on exposure to activated α2M (α2M*). This binding activated Rac/Cdc42, and consequently PAK, leading to LIMK and cofilin phosphorylation and thus promoting actin reorganization. Cofilin translocation from the sperm tail to the head in the presence of α2M* possibly prevented F-actin depolymerization in the tail. Thus, profiles observed with Cdsp could be re-created upon exposure of Tsp with α2M*. We conclude that α2M secreted into seminiferous tubule fluid by Sertoli cells, may be activated by proteinases in the epididymis and may bind to sperm surface GRP78 during epididymal transit, thereby facilitating sperm motility via actin reorganization. As F-actin is required for maintaining structural integrity and hyperactivated motility in sperm, our finding has significant implications in light of our previous reports of reduced GRP78 phosphorylation and the actin-based motility pathway being significantly altered in asthenozoospermia.